© 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 390 613 

A1 



© 



© Application number: 90303523.6 
© Date of filing: 02-04.90 



EUROPEAN PATENT APPLICATION 

© lnt.Cl. s A61B 17/08, A61B 17/064 



® Priority: 31.03.89 US 332355 


© Applicant: UNITED STATES SURGICAL 


CORPORATION 


@ Date of publication of application: 


150 Glover Avenue 


03.10.90 Bulletin 90/40 


Norwalk Connecticut 06856(US) 


® Designated Contracting States: 


® Inventor: Sander, Thomas W. 


DE FR 


71 High Rock Drive 




Newtown, CT 06482(US) 




© Representative: Marsh t Roy David et al 




Urquhart-Dykes & Lord Midsummer House 




41 9B Midsummer Boulevard 




Central Milton Keynes MK9 3BN{GB) 



© Absorbable surgical fastener with bone penetrating elements. 



© A self-inserting absorbable orthopedic fixation 
device (100) having a bioabsorbable fastening body 
portion (101) for fastening body tissue, and having 
bone penetrating elements such as hard, pointed 
tips (104) for penetrating bone or hard tissue fixed 
thereto. The pointed tips (104) may be fabricated 
from metals or ceramics. The fixation device may be 
in the form of staples, pins, screws, and the like. 
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ABSORBABLE SURGICAL FASTENER WITH BONE PENETRATING ELEMENTS 



This invention relates to surgical fasteners for 
fastening body tissue and more particularly relates 
to an at least partially absorbable fastener for fas- 
tening bone or hard tissue. 

Bone fastening or fixation devices are well 
known in the art. Typically, such fasteners are in 
the form of staples, pins, screws, and wires. For 
example, both Pratt et ah, U.S. Patent No. 
4,454,875 and Ellison et al., U.S. Patent No. 
4,570.623 disclose staples for being driven into 
bones. Staples of this type are generally fabricated 
of biologically inert metal, such as stainless steel, 
titanium, cobalt-chromium-molybdenum alloys and 
the like. The staple must be relatively strong and 
hard so that it can be easily driven directly into 
bone or hard tissue. 

Other metal fasteners are well known commer- 
cial products used for a wide variety of bone fix- 
ation procedures. Pins and wires are generally con- 
structed from stainless steel and are grasped in a 
drill chuck and self-drilled directly into bone to treat 
a given traumatic or pathological condition. 

The disadvantage of metal fasteners is that 
after they have completed their function of support- 
ing the bone while the bone heals, they remain 
permanently in the body. Problems can arise after 
healing, for example, by corrosion of the metal, or 
when the pins or staples work loose from their 
moorings and migrate through body tissue. 

Furthermore, permanent metal fixation devices 
shield the bone from beneficial stresses after heal- 
ing. It has been shown that moderate periodic 
stress on bone tissue, such as the stress produced 
by exercise, helps to prevent decalcification of the 
bone. Under some conditions, the stress shielding 
which results from the long term use of metal bone 
fixation devices can lead to osteoporosis. 

These disadvantages can be mitigated by the 
use of bioabsorbable surgical fasteners, which de- 
grade over a period of time thereby gradually 
transferring more support load to the bone as it 
heals. Such fasteners for bone are also known in 
the art. For instance, Tunc, U.S. Patent No. 
4,539,981 teaches the use of polymers of L(- 
)Iactide for fabricating bone fixation devices. More- 
over, various types of bioabsorbable pin fasteners 
have been commercialized. For example, some 
types of pins are fabricated from poly (p-diox- 
anone) and are indicated for use to fix in place 
small bony fragments in the knee and hand, where 
such fragments are not in tension. As is char- 
acteristic for all such absorbable pins, holes must 
be previously drilled into the bone in order for the 
pins to be inserted. Bioabsorbable fasteners are 
not self-inserting, i.e. they are not capable of being 



driven or screwed directly into bone because the 
polymeric material they are made of is relatively 
soft. The necessity to predrili holes in the injured 
bone adds to the surgical procedures and leng- 

5 thens the time required to complete the operation. 

Up to now, there has been no surgical bone 
fastener which retained the advantages of the 
above mentioned types of fasteners, without the 
concurrent disadvantages. 

io Accordingly, it is one object of the present 

invention to provide a surgical fastener for bone or 
hard tissue. 

It is another object of the present invention to 
provide a fastener which can be-implanted directly 

75 into bone or hard tissue. 

It is yet another object of the present invention 
to provide a surgical fastener which is at least 
partially bioabsorbable. 

These and further objects are achieved herein 

20 by providing a seif-inserting surgical fastener, said 
surgical fastener comprising a bioabsorbable fas- 
tening body portion having at least one bone pene- 
trating element, and further by implanting said sur- 
gical fastener into segments of bone or hard tissue, 

25 said bioabsorbable fastening body portion main- 
taining said segments in close adjacency for a 
period of time sufficient to promote healing. 

The drawings of this specification show em- 
bodiments of the invention. In the drawings: 

30 Fig. 1A illustrates an exploded perspective 

view of the staple type bone fastener of the present 
invention; 

Figs. 1B, 1C and 1D illustrate, respectively, 
top, side, and bottom views of the staple type bone 
35 fastener of the present invention; 

Fig. IE illustrates the staple type bone fas- 
tener in conjunction with a pusher mechanism of an 
applying instrument; 

Fig. 2 illustrates an exploded side view of a 
40 pin type fastener of the present invention; 

Fig. 3 illustrates an end view of the trocar 
point of the present invention; 

Fig. 4 shows an alternative embodiment of 
the present invention illustrating alternative tip and 
45 mounting fixtures; and, 

Fig. 5 illustrates another embodiment of the 
mounting fixture. 

The basis of the present invention is the at- 
tachment of bone penetrating elements to bioab- 
so sorbable polymer implant devices, such as fasten- 
ers, thereby enabling the implant devices to be 
drilled or driven directly into bone or other hard 
tissue. Common types of bone fasteners include 
staples and pins, illustrated in the inventive em- 
bodiments by Figs. 1 and 2, respectively. 
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The fastening body portion of the bone fixation 
device of the present invention is fabricated from a 
biodegradable material such as one or more of the 
several types of bioabsorbable polymers common- 
ly used in such applications. Examples include 
poly (p-dioxanone), polyiactide, poiyglycoiides, 
polycaprolactone. poly (orthoesters) and the like, as 
well as copolymers of the same. Optionally, the 
biodegradable material used in the various embodi- 
ments of this invention, may contain reinforcing 
fibers, so as to produce a high strength composite. 
The reinforcing fibers can be, for example, poly- 
meric, or ceramic materials, and either bioabsor- 
bable or permanent. 

The terms "biodegradable" and 
"bioabsorbable" are used interchangeably herein, 
and refer to materials which are chemically broken 
down and/or assimilated by human (or animal) 
body tissue. 

The bone penetrating elements of the fastener 
of the present invention are preferably in the form 
of relatively hard tips for initially contacting the 
bone and enabling the fastener to penetrate the 
bone when a suitable driving force is applied. The 
tips preferably have means for cutting bone or hard 
tissue such as a relatively sharp point or one or 
more sharp edges. 

The tips should be of sufficient size and mass 
relative to the fastening body portion of the surgical 
fastener, to have the mechanical strength neces- 
sary to penetrate bone or hard tissue. However, 
because the material best suited for fabricating the 
tips is non-biodegradable, the optimum size of the 
tips is the minimum size necessary to perform its 
function of penetrating hard tissue and bone for 
those surgical applications in which the tips will 
remain embedded in the bone. As discussed be- 
low, not all surgical applications require the bone 
penetrating tips to remain embedded in bone. 

Figs. 1A, 1B, 1C and 1D illustrate a staple type 
fastener 100 of the present invention, which com- 
prises a fastening body portion 101 for fastening 
body tissue. The fastening body portion 101 is 
optimally an integral single piece construction hav- 
ing a crosspiece 103 and legs 102. Legs 102 
extend substantially perpendicularly from the cros- 
spiece 103. 

The fastening body portion 101 as shown in 
Figs. 1A and 1C is U-shaped, with legs 102 extend- 
ing from the ends of the crosspiece 103. Alter- 
natively, the legs 102 may be spaced inward from 
the ends of crosspiece 103, the invention can have 
one or more legs, and although the legs 102 are 
illustrated as being of substantially equal length, 
legs of unequal length are also contemplated as 
being within the scope of this invention. 

Unlike prior art fasteners, the fastening body 
portion 101 of the present surgical fastener 100 has 



one or more bone penetrating .elements such as 
tips 104 attached to the distal ends of legs 102, for 
penetrating bone or hard tissue. The tips 104 must 
have a hardness sufficient for such penetration. 

5 Thus, tips 104 are preferably made of a metal, 
such as stainless steel, titanium and its alloys, 
cobalt-chromium-molybdenum alloys, or other im- 
plant grade metal alloys. Ceramics having appro- 
priate hardness and toughness may also be used, 

w such as zirconia, aluminum oxide, carbon/carbon 
composites, etc. The tips 104 each have a rela- 
tively sharp point 107 for easier bone penetration, 
but any appropriate shape which will perform the 
same penetrating function may be employed. Also 

75 the tips 104 may have backward pointing barbs 
(not shown) to prevent removal of the fastener. 

Each tip 1 04 has a rearward projecting bolt 1 05 
which engages and is received in a corresponding 
cavity 106 in the distal end of the respective leg 

20 102. The tips 104 can be attached to the distal 
ends of the legs 1 02 by various alternative means. 
For example, the bolts 105 may be threaded, and 
cavity 1 06 may be tapped to form a screw fit. The 
joint is preferably secured by mounting the tips 

25 104 additionally with a biocompatible adhesive. Or 
the tips 104 may be fused to the legs 102 by 
ultrasonic welding, or induction heating. 

Referring to Figs. 1B and 1C, tips 104 have an 
impact surface 104A for receiving a driving force 

30 for implanting the fastener. The impact surface 
104A is perpendicular to the direction of the driving 
force and extends outwardly beyond the surface of 
the legs 102 on three or fewer sides of each leg. 
The impact surface does not extend beyond the 

35 interior surfaces of the leg 102 into the space 
between the two legs. As can be seen from Figs. 
1B, 1C and 1D, the edges of the tips 104 are flush 
with the inside surfaces of the legs 102, thereby 
preserving a tight fit with minimal latitude for loose 

40 movement or play in the fastener once implanted. 

Tips 104 optionally have sharp points 107 and 
edges 108 for cutting through bone and hard tis- 
sue, so as to facilitate implantation of the fastener 
100. 

45 Fig. 1E illustrates the staple in conjunction with 

a pusher 110 for applying the staple to bone or 
hard tissue. Pusher 110 has legs 111 which are 
adapted to apply a driving force directly onto the 
projecting impact surface 104A of tips 104. Surface 

so 112 engages the crosspiece 103 when impact is 
applied to keep the tips 104 from being driven 
apart from the ends of legs 102. As the tips pene- 
trate bone this surface pushes the staple into the 
channels left by the tips. The driving force may be 

55 applied manually by the surgeon, or through the 
use of a powered instrument. 

Figs. 2 and 3 illustrate another embodiment of 
the present invention. In this embodiment, surgical 
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pin fastener 200 comprises a bioabsorbabie fasten- 
ing body portion in the form of a shaft 203, said 
body or shaft 203 having a bone penetrating ele- 
ment 201 attached thereto. Bone penetrating ele- 
ment 201 is optimally a hard trocar tip which is 
fixed to the shaft 203. and preferably has a rela- 
tively sharp point 205 and one or more relatively 
sharp edges 207, for cutting bone. 

The trocar tip 201 may be constructed from 
any material having a hardness and strength suffi- 
cient for penetrating bone or hard tissue. Examples 
of appropriate metals and ceramic materials have 
been recited herein above. 

The trocar tip 201 is preferably fixed to the end 
of shaft 203 by a screw mounting. Projecting screw 
portion 204 of shaft 203 is received into tapped 
aperture 202 in the tip 201. Screw portion 204 is 
preferably an integral part of shaft 203 made of the 
same bioabsorbabie material. Optionally, the joint 
can be made permanent by adhesively bonding the 
threaded joint. 

Alternative joining methods can be used both 
for the pin 200 and staple 100. For example, the 
tips 104 and 201 may be fashioned with a sleeve, 
the sleeve being crimped onto the fastener struc- 
ture. Interlocking grooves in the tips 104 and 201 in 
conjunction with cooperating grooves in the legs 
102 and shaft 203 respectively are also envisioned. 

Fig. 4 illustrates alternative embodiments of the 
tip and shaft. Tip 201 A can be fluted in order to 
function like a drill bit. The shaft 203A may have 
various types of connection or mounting fixtures, 
such as the substantially cross shaped male fixture 
208 projecting perpendicularly from the end of the 
shaft, which is adapted to fit into the corresponding 
female receptacle 210 in the tip 201 A. Or, as 
shown in Fig. 5, trocar tip 201 B may have a male 
mounting fixture 209 adapted to fit into a female 
receptacle in the shaft. Male mounting fixture 209 
optimally has a base portion 209A which projects 
perpendicularly from the bottom surface of tip 
201 B, and a pyramid portion 209B which culmi- 
nates in a point. These tips and shafts may be 
mounted together adhesively or by welding or fus- 
ing the tips and shafts together. Those skilled in 
the art will envision other types of connection fix- 
tures. It should be realized that the connecting 
fixtures 208 and 209 can also be used with the 
staple type bone fastener 1 00. 

Typically, prior art metal bone fastening pins 
are drilled directly into the bone. Prior art bioabsor- 
babie pins must have predrilled holes into which 
they are inserted. But in accordance with the 
present invention, self-inserting pin 200 can be 
implanted directly into bone by drilling, yet also 
has the advantage of being bioabsorbabie. Alter- 
natively, pin 200 may have a tip 201 with an impact 
surface, such as the impact surface 104A of the 



staple fastener 100. 

The size of the surgical staple 100 and pin 200 
may range from a few millimeters to several centi- 
meters. However, the surgical bone fasteners of the 
5 present invention can be made of any size which is 
appropriate for its function of fastening bone or 
hard tissue. 

Direct implantation of the bioabsorbabie fasten- 
ers 100 and 200 is possible because the bone 

to penetrating elements (tips 104 and 201) have a 
bone cutting means, such as relatively sharp points 
and edges which allow the bone penetrating ele- 
ments (104 and 201) to pierce the bone when a 
driving force is applied to the fastener. The driving 

75 force can be an impulse or pushing force com- 
monly used for driving staple type fasteners such 
as fastener 100, or a rotary or drilling force com- 
monly used for pin type fasteners such as 200. 
As can readily be seen, the method for using 

20 the present invention to fasten segments of bone or 
hard tissue is relatively simple. Being provided with 
the surgical fastener of the present invention, the 
surgeon implants the device into bone or hard 
tissue so that the bioabsorbabie fastening body 

25 portion holds and maintains the segments of bone 
or hard tissue in close adjacency for sufficient 
period of time to promote healing. Both fasteners 
100 and 200 will degrade over a period of time 
leaving only the metai tips 104 and 201, which, 

30 being smaii. are far less intrusive, and have little 
tendency to work loose from the bone and migrate. 

In some surgical methods employing the fas- 
teners of the present invention no hard nonabsor- 
bable piece at all remains. For example, pin 200 

35 can be driven completely across a fracture site so 
that the bone penetrating element emerges from 
the far side of the bone. In such a case, the bone 
penetrating tip will be cut off and removed, leaving 
no portion of the fastener which cannot be ab- 

40 sorbed. 



Claims 

45 1. A surgical fastener (100) comprising a bioab- 

sorbabie fastening body portion (101) having at 
least one bone penetrating element. 

2. A fastener as claimed in Claim 1 wherein 
said bone penetrating element has a hardness suf- 

50 ficient for penetrating bone or hard tissue. 

3. A fastener as claimed in Claim 2, wherein 
said bone penetrating element is a tip (104). 

4. A fastener as claimed in Claim 3, wherein 
said tip comprises means (108) for cutting bone or 

55 hard tissue. 

5. A fastener as claimed in Claim 4, wherein 
said means for cutting hard tissue is a relatively 
sharp point (107). 
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6. A fastener as claimed in Claim 4, wherein 
said means for cutting hard tissue is at least one 
relatively sharp edge. 

7. A fastener as claimed in any one of the 
preceding claims, wherein said fastening body por- 
tion comprises a crosspiece (103) and at least one 
leg (102) attached to said crosspiece (103). 

8. A fastener as claimed in Claim 7, wherein 
said leg (102) is an integral part of said bioabsor- 
babie fastening body portion (101) and extends 
substantially perpendicularly from said crosspiece 
(103). 

9. A fastener as claimed in Claim 8, wherein 
said bone penetrating element is fixed to the end 
of said leg (102). 

10. A fastener as claimed in any one of the 
preceding claims, wherein the bioabsorbable fas- 
tening body portion (101) is fabricated from a poly- 
meric material. 

11. A fastener as claimed in Claim 10, wherein 
said polymeric material is selected from poly (p- 
dioxanone), poiylactide, polyglycolide, poly- 
caprotactone, and poly (orthoesters). 

12. A fastener as claimed in any one of the 
preceding claims, wherein said bone penetrating 
element is fabricated from a metallic material. 

13. A fastener as claimed in Claim 12, wherein 
said metallic material is selected from stainless 
steel titanium, titanium alloys, and cobalt- 
chromium-molybdenum alloy. 

14. A fastener as claimed in any one of Claims 
1 to 11 1 wherein said bone penetrating element is 
fabricated from a ceramic material. 

15. A fastener as claimed in Claim 14, wherein 
said ceramic material is selected from zirconia, 
alumina, and carbon /carbon composites. 

16. A fastener as claimed in any one of the 
preceding claims, wherein said bioabsorbable fas- 
tening body portion comprises a shaft (203). 

17. A fastener as claimed in Claim 16, wherein 
said bone penetrating element (201) is fixed to the 
end of said shaft (203). 

18. A fastener as claimed in Claim 17 addition- 
ally having mounting means comprising a male 
mounting fixture (208) and a female receptacle 
(210) for receiving said male mounting fixture. 

19. A fastener as claimed in Claim 18, wherein 
said male mounting fixture (208) comprises a sub- 
stantially cross-shaped member projecting perpen- 
dicularly from the end of said shaft (203A). 

20. A fastener as claimed in Claim 18, wherein 
said male mounting fixture (209) comprises a base 
portion (209A) projecting perpendicularly from the 
end surface of said bone penetrating element 
(201 B), and a substantially pyramidal portion 
(209B) projecting from said base portion. 

21. A fastener as claimed in any one of the 
preceding claims, wherein the bioabsorbable fas- 



tening body portion contains a reinforcing material. 
22. A fastener as claimed in Claim 21, wherein 

the reinforcing material is at least one type of 

reinforcing fiber. 
5 23. A fastener as claimed in Claim 21 or 22, 

wherein the reinforcing materia) is chosen from 

polymeric resins and ceramics. 

24. A fastener as claimed in any one of the 

preceding claims, wherein the bone penetrating 
10 element, comprises an impact surface (104A) for 

receiving a driving force. 
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